Concentrations of trace elements in organic soils are a result of natural accumulation or due to anthropogenic factors. A field study was carried out in May 2008 on selected sites in the Izera Mountains. Soil samples were collected from 8 profiles of organic soils. Four soil profiles were located on the plateau meadow called Hala Izerska, at the altitude of 835-850 m a.s.l. The other 4 profiles were located in the mountain range known as the Grzbiet Wysoki, at 909-990 m a.s.l. The concentration and pools of heavy metals were determined according to the elevation, depth in soil profile, content of organic matter and soil pH. The content of trace elements (Pb, Cu, Zn) was determined after wet mineralization of samples in nitric acid, using a Flame Atomic Absorption Spectrometer. Pools of trace elements were recalculated into g m -2 in the 0-30 cm layer of soil. The aim was to determine the influence of altitude on concentrations of trace elements in organic soils profiles. Organic soils from the Grzbiet Wysoki and Hala Izerska showed significant contamination, mainly with lead and zinc. The elements were most abundant in surface horizons. With an increasing depth into the soil profile, the content of trace elements decreased. The arithmetic means showed strong dominance of lead on zinc and copper in the examined profiles. The Grzbiet Wysoki, due to its higher location above the sea level, is more exposed to atmospheric deposition of contaminants than Hala Izerska. However, the concentration of Cu is higher in organic soils from Hala Izerska. Statistical analysis showed significant positive correlation between the Pb concentration and altitude. With an increasing altitude, the content of Pb in soil also increased. Zinc and lead correlate highly 200 negatively with the depth into the soil profile. With an increasing depth, the content of these elements decreases.
INTRODUCTION
Increased concentrations of trace elements in soil are mainly caused by anthropogenic contamination. Major anthropogenic sources of trace elements include fossil fuel combustion, non-ferrous metal production and combustion of gasoline (PACYNA et al. 2001) . These contaminants can be transported over long distances. Most trace elements in terrestrial ecosystems originate from atmospheric wet and dry deposition (ANICIC et al. 2009 ) Organic soils are often used as references in studies of the impact of human activity on contamination with trace elements (MARTÍNEZ-CORTIZAS et. al. 1999) . These soils are formed under temporary or permanent waterlogged conditions from the partial decomposition of peat-forming plants (ZACCONE et al. 2007 ). Ombrotrophic bogs are particularly useful for assessment of the degree of trace element pollution from atmospheric deposition. This kind of peat soil is supplied with water mainly by atmospheric depositions (rain or snow) (KVAER-NER et al. 2008) . One of more important factors which can influence the trace element content in soils is altitude (GERDOL et al. 2006) . It plays a significant role as it alters the atmospheric dry or wet deposition of trace elements.
The aim of this study was to determine influence of altitude on the trace elements concentrations in the profiles of examined organic soils.
STUDY AREA
The study was carried out in the Izera Mountains (the Western Sudetes), a mountainous region situated in southwestern Poland (Figure 1 ) at 50 o 49'-50 o 51' N and 15 o 18'-15 o 29' E, with the maximum elevation of 1126 m a.s.l. The Izera Mountains lie in highland climatic regions with the longest winter duration of 110 days and snow cover duration of 116 days. The westerly and northerly Atlantic wet winds contribute to a high level of precipitation and wetness. The average air temperature is -5 o C in January and 13 o C in July, while the average annual precipitation is 1500 mm. The vegetation growth period lasts 175 days and starts in late April (MIGOÑ et al. 2003) . The Izera Mountains are crisscrossed by valleys of several rivers and creeks. The Izera Valley is situated between the Grzbiet Wysoki and Grzbiet OEredni ranges. Geomorphological processes, affected by the temperature and hydrological regime, continue to shape the mountains. Numerous flattened peaks, often with little runoff, favor the formation of alpine-like peatlands, which in total cover nearly 300 hectares. The peatlands in the Izera Mts. are considered to be a specific type of mountain subarctic peat bogs and share many features with northernmost peat bogs, particularly those in Scandinavia (MATU£A et al. 1997) . Peatlands in the Izerska Mts. developed on granites andgneisses. The analyzed sites in the Grzbiet Wysoki represent ombrotrophic peatlands with characteristic communities of Eriophoro vaginati-Sphagnetum recurvi class (profile 1), Caricetum nigrae class (profile 3), Calmagrostis villosae-Piceetum sphagnetosum class (profile 4). Site 2 is covered by replacement communities with Molinia caerulea. The plant communities growing on Hala Izerska (a meadow and pasture) belong to class ScheucherioCaricetae fuscae (profiles 5 and 6) or constitute a forest site with class Oxycocco-Sphagneta with Pinus sylvestris -profile 7 and Carex acutiformisprofile 8 (POTOCKA 1996) . The examined organic soils profiles were classified as Typical sapric peat soils or Typical hemic peat soils (PTG 2011) and Sapric or Hemic Histosols according to the WRB classification (WRB 2006) . Profile 1 from the Grzbiet Wysoki was classified as Peaty-Gley soils (PTG 2011) and Histic Gleysols (WRB 2006) . The Izera Mountains are located in an area called the Black Triangle (crossed by the Polish, Czech and German borders). For many years, it has been heavily polluted many power plants located in Northern Bohemia, Saxony and Lower Silesia. Additionally, the long-range pollution transport form North-Western Bohemia and Eastern Saxony has aggravated the local pollution (STRZYSZCZ et al. 2001 ).
METHODS
Soil samples were collected with an Instorf sampler from 8 sites located on two ombrotrophic peatlands: one in the Grzbiet Wysoki (4 profiles) and the other one on Hala Izerska (4 profiles). The sampling sites lay within an elevation range from 835-850 m.a.s.l (Hala Izerska) and 909-990 m.a.s.l (the Grzbiet Wysoki). The following properties were determined in the collected soil samples: soil colour according to the Munsell Color System, ash content by peat combustion in a muffle furnace at 550 o C for 6 hours, bulk density measured in undisturbed samples, organic carbon determined by dry combustion using an automatic analyzer (CS -MAT 5500), total nitrogen assayed by standard Kjeldahl technique, pH in H 2 O and 1 mol dm -3 KCl potentiometrically at the soil : solution ratio of 1:2.5, total content of trace elements (Zn t , Cu t, Pb t ,) with flame atomic absorption spectroscopy (FAAS).
The samples were digested in nitric acid (HNO 3 ). Pools of trace elements at the depth of 0-30 cm were calculated using formulas: metal (g m -2 ) = a (mg kg -1 ) ⋅ b (g cm -3 ) ⋅ c (mm)/1000 (a -metal content, b -bulk density, c -depth). Statistica 9.0 software (StatSoft Inc., Tulsa, OK) was used to test the statistical significance of trends in changes of soil properties. For each sites, Pearson correlation coefficients were determined between the concentration of trace elements, depth, altitude, pH and soil organic matter. Differences between pools of elements in soils from Hala Izerska and the Grzbiet Wysoki were calculated using the mean standard deviation (SD) and basic analysis of variance (CV).
RESULTS AND DISCUSSION
The examined organic soils are strongly acidic. The range of pH KCl values was from 2.3 to 3.8 (Table 1 ). The pH KCl values below 4 are characteristic of ombrotrophic bogs, which are supplied with water mainly by weakly acidic precipitation (BERSET et al. 2001 , DE LA ROSA et al. 2003 . The determined soil organic carbon (SOC) values ranged from 265 to 535 g kg -1 . The lowest SOC was observed in horizons under the moorshing process. This phenomenon is broadly reported in the literature (SOKO£OWSKA et al. 2005 , KOGEL-KNABNER 2002 . It is caused by mineralization of organic matter and its release into the atmosphere. The highest SOC was found in peat horizons consisting hemic and sapric material. Arithmetic means of the total nitrogen content in soils did not exceed 20 g kg -1 . Values of this parameter in all samples are estimated between 5.1-35.1 g kg -1 (Table 1) . According to the Polish ground quality standards (Ordinance…2002), the content of trace elements in the examined soils exceeds the permissible level set for group A areas (legally protected areas), except for the zinc concentration in organic soils in Hala Izerska, which was below the maximum threshold. Generally, the highest levels of trace elements appeared in the surface horizons. With an increasing depth into the soil profile, the content of trace elements decreases. The analyzed organic soils are mostly polluted with lead. The content of this element was within a wide range of 12.0--246 mg kg -1 . Among the analyzed trace elements, the content of copper was significantly lower. The concentration of this element in soils did not exceed 50 mg kg -1 (Table 1) . ETTLER et al. (1999) in their study on ombrotrophic peatlands in the Czech Izera Mountains, presented very similar concentrations of trace elements in soil.
The calculated pools of trace elements in the 0-30 cm soil layer showed significant dominance of lead above the other determined elements. The pools of Pb in soils from the Wysoki Grzbiet ranged from 3.33 to 9.46 g m -2 . Profile 2, localized at 990 m a.s.l., had the highest content of Pb. Soils from Hala Izerska are characterized by smaller pools of lead ( Table 2 ). The abundance of zinc pools was estimated at 1.14 to 5.73 g m -2 for soils from the Grzbiet Wysoki and 1.22 to 2.87 g m -2 for soils from Hala Izerska. Both lead and zinc created more abundant pools in organic soils from the Grzbiet Wysoki. A reverse situation was determined for copper. Richer pools of this element were characteristic of soils from Hala Izerska (Tables 2 and 3) . Profile 5 had a particularly high concentration of copper, which may have been caused by its localization in an old riverbed of the Izera River. The river transported material eroded from surrounding areas, which then settled in the riverbed (WU et al. 2011 ). This may indicate that the copper resources are the result of natural accumulation, not shaped by the atmospheric deposition. The results showed that altitude strongly affected the Pb concentration. Organic soils in the higher Izera Mountains contained more of this element. No such correlation was proven for the copper and zinc concentrations (Figure 2 ). The Grzbiet Wysoki is an orographic barrier that stops air masses, which carry pollution. Thus, higher Pb concentrations are found at at higher altitudes. ERISMAN et al. (2003) mentioned that dry or wet deposition of gases and particles was affected by factors which influenced the turbulent transport, especially wind velocity, but also by the relief and height of the land.
Statistical analysis showed a significant positive correlation between Pb concentration and altitude factor (r=0.48). As the altitude increased, so did the content of Pb in soil. Also GERDOL et al. (2006) described strong correlation between Pb concentrations and altitude. Zinc (r=-0.45) and lead (r=-0.53) negatively strongly correlated with the depth of a soil profile. The content of these elements decreases with the profile's depth. Higher concentrations of organic carbon in topsoil was mentioned elsewhere (YIN et al. (Table 4 ). The acidification in soil from the Grzbiet Wysoki is caused by higher precipitation at a higher altitude. There is more precipitation at higher altitude (BORUVKA et al. 2009 Also, some correlation was observed between the trace elements, e.g. zinc concentration is determined by lead and copper. Significant positive correlation is observed between these elements. Strong correlation was often observed between Pb and Zn of the anthropogenic origin, mainly from coalfired power plants (STRZYSZCZ et al. 2001) . None of analyzed trace elements showed significant correlation with organic carbon. This situation is typical of organic soils and often described in available literature (BOGACZ 2010 , BOGACZ et al. 2011 ).
2. The highest concentrations of lead and zinc were observed in the epipedons of organic soils, which proves the anthropogenic origin of these elements and their atmospheric deposition.
3. At higher altitudes, lower values of pH were observed in soil, which suggests strong acidification of these soils.
4. The statistical analysis showed significant differences between pools of lead in soils in the Grzbiet Wysoki and Hala Izerska.
